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(71) We, SHERRITT GORDON 
MINES LIMITED, a Company organised 
under the laws of the Province of Ontario, 
Canada of Suite 2800, Commerce Court West, 
5 Toronto, Ontario, Canada, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following statement: — 

10 This invention relates to the recovery of 
nickel from nickel-bearing laterite and 
garnierite ores. More particularly the invention 
relates to an improvement in the known re- 
duction roast ammonium carbonate leach pro- 

15 cess which permits treatment of nickeliferous 
laterite and garnierite ores having a relatively 
high magnesium content whereby a substan- 
tially improved yield of nickel may be obtained 
therefrom. 

20 One process employed in the treatment of 
nickel and cobalt-bearing lateritic and garnier- 
itic ores known as the Nicaro process involves 
roasting the ore under reducing conditions to 
reduce selectively nickel and cobalt oxides in 

25 the material to a crude metallic state, quench- 
ing and then leaching the reduced material 
with ammoniacal ammonium carbonate solu- 
tion. Leaching is carried out under oxidizing 
conditions to extract the nickel and cobalt 

30 values. The nickel and cobalt values are re- 
covered from the leach liquor by boiling the 
solution to drive off ammonia and carbon 
dioxide in order to cause dissolved nickel and 
cobalt to precipitate in the form of basic 

35 carbonate compounds. The precipitate is then 
heated to convert it to a mixed nickel-cobalt 
oxide product. 

Since the time when the Nicaro process was 
first carried out on a commercial scale a 

40 number of improvements have been made to 
it. For example, in Canadian patents Nos. 
811,079 and 854,116, procedures are described 
for overcoming the problem of contamination 
of the final nickel product by cobalt and such 

45 other impurities as magnesium, maganese and 
copper. In Canadian patent No. 900,179, a 
method is described for causing substantially 



all magnesium present in lateritic ore to pre- 
cipitate during the leaching operation where 
it can be removed without difficulty. Hitherto, 50 
a large proportion of the magnesium values 
had deposited on the inside wall of the pipes 
and processing vessels. As a result, it was 
necessary to shut down the apparatus periodi- 
cally to permit removal of the magnesium 55 
deposit. 

Where the ore being treated is a so-called 
"limonitic" laterite which has a relatively low 
magnesium content, the proportion of nickel 
which can be recovered by the improvements 60 
to the Nicaro process mentioned above is very 
high. Where, however, the magnesium content 
of the ore being treated is relatively high, i.e. 
5% or higher by weight, the proportion of 
nickel which can be recovered by the improve- 65 
ments is significantly lower. Lower recoveries 
of nickel, of course, reflect unfavourably on 
the economics of these improved processes as 
applied to high magnesium nickeliferous 
laterites and garnierites. 

The present process provides a method by 
which substantially more nickel can be re- 
covered from laterite and garnierite ore con- 
taining 5% magnesium or more than can be 
recovered by the Nicaro process and the im- 75 
provements mentioned before. It has been 
found that the extraction of nickel from such 
ores by leaching can be greatly improved if 
the ore is subjected to attrition after the 
roasting and quenching operations and prior gQ 
to the final leaching operation. Furthermore, 
if the ore particles are allowed to soak for an 
extended period of time in ammoniacal 
ammonium carbonate solution before or after 
they are subjected to attrition, even better 55 
extractions of nickel are achieved. 

Attrition and soaking, it is believed, serve 
to break down complex magnesium carbonates 
which apparently interfere with the leaching 
operation. These magnesium complexes pos- 90 
sibly in the form of x Mg(OH) 2 .y MgCO s 
(basic magnesium carbonate) or MgC0 3 . 
(NH 4 )yC033.4HoO are derived from mag- 
nesium values in a portion of the ore which 
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produces active magnesium oxide during the 
roasting operation. When the active oxide 
contacts the ammoniacal ammonium carbonate 
quench solution, it converts to the complex 
forms mentioned above and apparently these 
complexes coat the outer surfaces and the 
interstices of the ore particles. The coating 
acts as a diffusion barrier and prevents the 
penetration of the leach solution and oxygen 
into the particles and the diffusion of nickel 
values out of them. As a result, the particles 
are incompletely leached and a substantial 
proportion of their nickel values remains out 
of contact with die leach solution. 

Attrition, it is believed," "serves to rub or 
scuff off the complex magnesium carbonate 
coating from the particles and to expose the 
surfaces of the reduced ore beneath the coat- 
ing. The leach solution may penetrate these 
surfaces and substantially more nickel is ex- 
tracted from the ore than is the case where 
the ore is not subjected to attrition. Attrition 
also, it is believed, exposes fresh basic mag- 
nesium carbonate to the leach solution. Some 
of the fresh carbonate dissolves in the solution 
and later recrystallizes as discrete particles of 
magnesium ammonium carbonate free of nickel. 
In such form, the magnesium does not inter- 
fere with the leaching of the nickel-containing 
ore particles. 

Soaking serves to enhance nickel extraction 
because apparently it renders the attrition 
operation more effective to remove the 
carbonate coating. In addition to providing 
the time for some of the freshly exposed basic 
magnesium carbonate to dissolve in the solu- 
tion, prolonged soaking of the coated ore 
particles in ammoniacal ammonium carbonate 
solution also, it is believed, causes some of the 
complex magnesium carbonates to convert to 

is quite brittle and 
which can be more readily scuffed or rubbed 
off by attrition than can the form of the com- 
plex carbonate prior to soaking. Soaking is 
also believed to allow time for leached nickel 
values in the ore particles to diffuse through 
the carbonate coating and desorb. 

The present invention, therefore, involves 
an improved method for increasing the ex- 
traction of nickel from nickeliferous laterite 
and garniente ores containing more than 5 V 
magnesium. Specifically, the invention is an 
improvement to the process in which nickeli- 
ferous lateritic and garnieritic ore particles 
containing more than 5% magnesium by 
weight are treated to reduce nickel values 
therein to metallic form and the reduced 
particles are quenched in an aqueous 
ammoniacal ammonium carbonate solution 
then are leached with a like solution in the 
presence of free oxygen to extract nickel 
values and dissolve them in the leach solution. 
lUe improvement comprises subjecting 
quenched particles to attrition in order to rub 



off an outer layer therefrom and to expose 
surfaces beneath the layer to penetration by 
the leach solution whereby the proportion of 
nickel extraction in the leaching operation is 
substantially increased . 

The process of the invention is described 
in detail below with reference to the accom- 
panying drawings in which Figures 1 and 2 
are flow schemes of two processes incor- 
porating the improvement of the presenr 
invention. 

The process of the invention is intended to 
be incorporated into the known hydro- 
metallurgical method for treating laterite and 
garniente ores. For a description in detail of 
such method reference may be had to 
numerous patents such as Canadian patents 
Nos. 811,078 and 811,079. 

The particular ores contemplated for treat- 
ment by the process of the invention are 
primarily those laterite and garnierite ores 
containing more than 5% by weight mag- 
nesium as well as economically recoverable 
amounts of nickel and optionally cobalt The 
ores may be so-called ^serpentinic" or 
garnieritic ores which normally contain from 
about 20 to 38% MgO or they may be blends 
of serpentine or garnierite with stalled 
limomuc latente ores. The blends will also 
contain more than 5% magnesium and since 
limoiute typically contains no more than about 
0.6 / 0 by weight magnesium, the blends will 
be made up largely of serpentine or garnierite 
which have a higher magnesium content. Ores 
of these types occur in large deposits in Cuba, 
Venezuela, New Caledonia and the Philippines, 
for example. 

With reference to Figure 1, ore is dried by 
known procedures at 10 to lower its moisture 
content to below 5% then is ground to sub- 
stantially 100% minus 100 mesh standard 
Tyler screen. The ore is passed to roasting 
step 12 where it is heated under controlled 
conditions in contact with reducing agents 
preferably hydrogen or carbon monoxide or 

ore may be heated in 
a multiple hearth furnace, a rotary kiln or a 
fluo-sohds roaster. The ore is, in general, 
V^ tc L t0 a tem Perature in the range of 

iS?noS" to J 1 f92T- P referabl y «> between 
1250°F. and 1400°F. and is maintained at 
that temperature to reduce the nickel and 
cobalt oxides in the ore to a metallic state 
with minimum accompanying reduction of 
iron oxide to metallic iron and ferrous iron 
(wustite phase). A preferred method for con- 
ducting die roasting operation is described in 
detail in Canadian patent No. 938,110. 

Reduced ore discharged from the furnace is 
cooled at 14 preferably to 300°F. then is 
passed to quench step 16 where it is quenched 

ammonium carbonate 
solution from the first stage thickener 26. 
Following quenching, the ore can be soaked 
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at 18 in the ammoniacal ammonium carbonate 
quench solution. The solution differs from the 
solution in which subsequent leaching occurs 
in that the soaking solution is substantially 
5 quiescent and is maintained under non- 
oxidizing conditions. In other respects, how- 
ever, the solution is the same as the leach 
solution. Soaking may be carried out in an 
autoclave or other closed vessel and is con- 
10 tinued for at least 3 hours and preferably for 
12 hours or longer. 

The slurry containing quenched and 
optionally soaked reduced particles is then 
passed to an attrition step at 20. The purpose 
15 of this step is to rub or scuff off the outer 
layer of complex magnesium carbonates from 
the ore particles and to expose the surfaces 
beneath this layer. Attrition can be carried 
out in a ball mill, a rod mill, a tube mill or a 
20 vessel in which sustained agitation of the 
particles takes place. The slurry can be ex- 
posed to an oxygen-containing gas during 
attrition. Exposure to oxygen at this time 
will result in some leaching of the ore particles 
25 and hence will shorten the time required in 
the subsequent leaching step to obtain optimum 
extraction of nickel values. 

Whatever device is employed for attrition, 
its operation should be controlled such that it 
30 causes ore particles to remain in rubbing con- 
tact with each other or with grinding balls or 
rods. The device need not be operated in such 
manner that it grinds or breaks the particles 
into a highly comminuted product. 
35 Because of rubbing contact of the particles 
in the attrition step, material will be con- 
tinuously abraded from the outer layer of the 
particles. Ideally, upon completion of the 
attrition operation, the outer surface of the 
40 particles will be substantially free of complex 
magnesium carbonates. If attrition is carried 
out in a ball mill, the operation in general 
should be continued for 2 to 30 minutes 
whereas if attrition is carried out in an 
45 agitated vessel, the operation should generally 
last for about 2 hours. If, however, the mag- 
nesium content of the ore is very high and 
hence the outer layer of complex magnesium 
carbonates relatively thick, a longer period of 
50 attrition may be necessary. 

Optionally, following attrition step 20, the 
ore particles are again soaked at 22. The soak- 
ing operation is carried out in the same way 
as at 18. Soaking is an optional but preferred 
55 procedure in the content of the subject inven- 
tion. Soaking may precede or follow attrition 
or it may be carried out both before and after 
attrition. 

Following the second soaking stage 22, the 
60 slurry of ore particles and ammoniacal 
ammonium carbonate solution is passed to first 
stage leach 24 where it is contacted with 
oxygen bearing gas in order to extract the 
nickel values from the ore particles and to 



dissolve them in solution. Leaching is carried 0 5 
out according to known procedures and follow- 
ing leaching, the slurry is passed to first stage 
thickener 26. Pan of the thickener overflow 
solution is recycled to the quench tank 16 
and me balance, containing dissolved nickel 70 
values can be treated for recovery of nickel 
according to the method described for example 
in Canadian patent No. 811,079 or other 
known methods. 

The process of Figure 2 differs from that 75 
in Figure 1 in that the quenched ore particles 
are subjected to a preliminary leaching opera- 
tion before they are subjected to attrition. A 
preliminary leach has the advantage of con- 
verting metallic nickel in the quenched par- 80 
tides to a form in which it more readily 
diffuses through the complex magnesium 
carbonate coating and desorbs. Leaching, prior 
to attrition, in general results in improved 
nickel extraction and, accordingly, is a pre- q$ 
ferred procedure in the context of the present 
invention. The scheme of Figure 2 also in- 
cludes the step of combining a sulphur-bear- 
ing compound with the ore particles before 
they are reduction roasted. During roasting, on 
the compound apparently inhibits formation 
of refractory nickeliferous magnesium com- 
pounds which would decrease the recovery of 
nickel during the subsequent leaching opera- 
tion. 95 
. With reference to Figure 2, a sulphur- 
bearing additive is combined with the ore 
passing from the drying step 30 at 31. Pre- 
ferably, sufficient additive is combined with 
the ore to provide a mixture having a total 100 
sulphur content of between about 0.2 and 5% 
by weight In general, if much less than about 
0.2 ^ sulphur is added to the ore, the additive 
has no discernible affect on the amount of 
nickel extracted. Where the ore mixture con- 105 
tains increasing amounts of additive above 5°/ 
total sulphur, the nickel extraction tends tS 
level off. 

Suitable additives include pyrrhotite, 
pynte, sulphur-containing fuels, magnesium HO 
sulphate, sulphuric acid, hydrogen sulphide, 
J 5 ™ 611 suI P h ur or sulphur dioxide. The 
additive should not, of course, contain material 
which will interfere with the subsequent leadi- 
ng operation or which will contaminate the 115 
final nickel product Pyrite is a particularly 
suitable additive for purposes of the present 
invention since it is easy to store, has a high 
sulphur content per pound and is usually 
relatively cheap. J .^n 

Following addition of the sulphur-bearino- 
compound, the ore mixture is passed to com- 
minution step 32 which is conducted in the 
same way as in Figure 1. As well as serving to 
reduce the state of subdivision of the mixture, i ?5 
the comminution step serves to mix intimately 
the ore particles and the additive. Following 
step 32, the ore is roasted at 34 in the same 
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way as in Figure 1. The roasted ore is cooled 
and quenched at 36 then is passed to a first 
stage leaching step at 38. The conditions of 
the leaching step are the same as those of the 
first stage leach 24 of Figure 1 except that 
leaching is terminated well before the time 
required to obtain complete extraction of 
nickel values. Following step 38, the leach 
slurry is passed to a thickener 40. Underflow 
slurry from the thickener 40 is passed to an 
attrition step at 42 while part of the overflow 
is recycled to cool and quench 36 and the 
balance is treated for recovery of nickel values 
by known procedures. 

Optionally, prior to attrition step 42, the 
underflow from thickener 40 is soaked at 44 
for a period of time in quiescent oxygen-free 
ammoniacal ammonium carbonate solution 
Also, following attrition, the solids may be 
soaked at 46. Soaking before or after attrition 
step 42 results in conversion of complex mag- 
nesium carbonates to a form in which they do 
not interfere with the second stage leaching 
step. In addition, soaking provides the oppor- 
tunity for nickel to diffuse through the 
carbonate coating and desorb. 

Slurry from step 42 or 46 is passed to a 
second leach stage 48 and slurry discharged 
from stage 48 is passed to thickener 50. Over- 
flow solution from thickener 50 is recycled 
partly to cool and quench 36 while the re- 
mainder is recovered for further treatment for 
recovery of nickel. The underflow slurry from 
thickener 50 is washed with ammoniacal 
ammonium carbonate make-up solution in 
washing operation 52 to dissolve as much 
residual nickel as possible from solids in the 
slurry. The wash solution which contains the 
dissolved nickel is recycled to the second stage 
leaching operation 48 while solids in the 
slurry following the washing operation are 
discarded. 

It should be noted that the benefits from 
the sulphur-bearing additive may be realized 
not only when the starting ore is treated 
according to procedure of Figure 2 but also 
when treated according to scheme of Figure 1. 
In both schemes, the additive is preferably 
combined with the ore prior to the comminu- 
tion step. 

EXAMPLE 1. 
Two samples of garnierite from New 
Giledonia each 80% minus 200 mesh standard 
Tyler screen in size were used as the starting 
material for this example. The first sample 
analyzed 1.95% Ni, 13.1% Fe, and 19.8% 
Mg and the second sample analyzed 1,9% Ni 
9.9% Fe and 20% Mg. 

m The first sample was subjected to attrition 
in a ball mill to reduce its state of subdivision 
to 100% minus 400 mesh. The material was 
then roasted in a furnace under reducing con- 
ditions at a temperature of 1400°F. for 11 



hours, discharged from the furnace, cooled to 
400°F. then quenched and leached in 65 
ammoniacal ammonium carbonate solution. 
61.6% of the nickel values was extracted by 
leaching. 

The second sample was roasted in a furnace 
at a temperature of 1300°F. in a reducing 70 
atmosphere for 1£ hours, cooled to 300°F. 
then quenched in ammoniacal ammonium 
carbonate solution. The quenched material was 
then subjected to attrition in a ball mill to 
decrease its size to 100% minus 400 mesh. 75 
The material was then leached under the 
same conditions as the first sample. 76% of 
the nickel values was extracted. 

It can be concluded from a comparison of 
the nickel extractions from the two samples 80 
that the present process is not simply a method 
of increasing the proportion of nickel ex- 
tracted from ore particles by grinding the 
particles to decrease their size. If this were 
the case, the extractions from the two samples 85 
should be substantially the same. Instead the 
extraction from the second sample which was 
treated by the process of the invention is 
better by 14.4% more than the extraction 
from the first sample which was not so treated. 90 
Thus, it is not attrition per se which gives rise 
to improved nickel extraction. For the benefits 
to be realized from attrition, it must occur 
after and not before roasting. 

It should be noted that the difference 95 
between the nickel extractions from the first 
and second samples cannot be attributed to 
the differing nature of the ore samples and the 
roasting temperatures. In general, the lower 
the iron content and the lower the roastine im 
temperature below 1400°F., the lower will be 
the nickel extraction. Accordingly, the extrac- 
tion of nickel from Sample 2 which had a 
lower iron content and was roasted at a lower 
temperature than Sample 1 should have been 105 
lower than that from Sample 1, In fact, it 
was higher, therefore attrition clearly had' an 
affect on the nickel extraction. 

EXAMPLE 2, 
Samples were prepared from a Venezuelan no 
serpenune laterite ore. The ore analyzed 

18.8% Fe, 14.2% Mg. A small quantity of 
pynte was blended with some of the samples 
prior to roasting. The samples were roasted 115 
under varying conditions, cooled then 
quenched. The quenched samples were divided 
into four groups and were treated as follows: 

. Group 1: attrition for £ hour in ball mill; 

leached for 3 hours; soaked for 18—24 120 
hours; and leached for 1 hour (abbre- 
viated to BLSL in the following tabic). 
Group 2: leached for 3 hours; attrition for 
i hour; soaked 18—24 hours; leached 1 
hour (abbreviated to LBSL). 12S 
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The benefits from attrition and soaking are 
apparent. The least improvement in nickel 
extraction resulting from operation BLSL over 
NL is 7.4% and the most 13.8%. The 
weighted average of the increase in nickel 
extraction of operation BL over NL is 4.5%. 

WHAT WE CLAIM IS:— 

1. In the process in which nickeliferous 
.lateritic and garnieritic ore particles contain- 
ing more than 5% magnesium by weight are 
treated to reduce nickel values therein to 
metallic form and the reduced particles are 
quenched in an aqueous ammoniacal 
ammonium carbonate solution then are leached 
with an aqueous ammoniacal ammonium 
carbonate solution in the presence of free 
oxygen to extract nickel values and dissolve 
them in the leach solution, the improvement 
which comprises subjecting quenched particles 
to attrition in order to rub off an ounter layer 
therefrom and to expose surfaces beneath said 
layer to penetration by the leach solution 
whereby the proportion of nickel extracted in 
the leaching operation is substantially 
increased. 

2. In the process in which nickeliferous 
lateritic and garnieritic ore particles containing 
more than 5% magnesium by weight are 
treated to reduce nickel oxides therein to 
metallic form and the reduced particles are 
quenched in aqueous ammoniacal ammonium 
carbonate solution then are passed to a first 
leach stage in which they are leached with an 
aqueous ammoniacal ammonium carbonate 
solution in the presence of free oxygen after 
which the resulting first stage leach residue 
is separated from solution and is passed to a 
second leach stage in which it is leached with 
a like solution in the presence of free oxygen 
and part of the resulting second stage leach 



solution separated from the residue is re- 
cycled to the leaching operation, the improve- 
ment which comprises subjecting the first 
stage leach residue to attrition in order to rub 
off an outer layer therefrom and to expose 45 
surfaces beneath said layer to penetration by' 
the leach solution whereby the proportion of 
nickel extracted in the leaching operation is 
substantially increased. 

3. The process as claimed in claim 1 or 2 50 

further including mixing the lateritic and 

garnieritic ore particles, prior to the reduction 

step with a sulphur-bearing additive added in 

amount sufficient to provide a sulphur content 

in the mixture of between 0.2 and 5% by 
weight. " 

4. The process as claimed in claim 3 
wherein said additive is pyrite. 

5. The process as claimed in claims 1, 2, 3 

or 4 wherein the panicles prior to attrition 60 
are soaked in an aqueous ammoniacal 
ammonium carbonate solution in the absence 
of a free oxygen-containing gas for a period 
of 3 hours or longer. 

6 The process as claimed in claims 1, 2, 65 
3, 4 or 5 wherein following attrition the par- 
ticles are soaked in an aqueous ammoniacal 
ammonium carbonate solution in the absence 
of a free oxygen-containing gas for a period 
of 3 hours or longer. jq 

7. The process substantially as herein- 
before described with reference either to 
Figure 1 or to Figure 2. 

HUGH L. COTTRELL, 
Chartered Patent Agent, 
22, Whitefriargate, 
North Humberside, 
Hull HU1 2EX. 
Agent for the Applicants. 
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